Abstract--Total ionizing dose and displacement damage testing is performed to characterize and determine the suitability of candidate electronics for NASA spacecraft and program use.
and/or DD damage. Proton-induced degradation, dominant for most NASA missions, include both ionizing total dose and non-ionizing displacement damage effects. For similar results on single event effects (SEE), a companion paper has also been submitted to the 2016 IEEE NSREC Radiation Effects Data Workshop entitled: "Compendium of Current Single Event Effects Results From NASA Goddard Space Flight Center" by M. O'Bryan, et al. [1] II. TEST RESULTS OVERVIEW Abbreviations for principal investigators (PIs) are listed in Table II . Abbreviations and conventions are listed in Table  III . Summary of TID and DD test results are listed in Table  IV and V. • Test Method Unless otherwise noted, all tests were performed at room temperature and with nominal power supply voltages.
• Test Source -TID TID testing was performed using a high energy gamma ray source. Dose rates used for testing were between 0.05 and 30 rad(Si)/s. III. TEST RESULTS AND DISCUSSION As in our past workshop compendia of GSFC test results, each device under test has a detailed test report available online at http://radhome.gsfc.nasa.gov [2] and at http://nepp.nasa.gov [3] describing in further detail the test method, conditions and monitored parameters, and test results. This section contains a summary of testing performed on a selection of featured parts.
A. SFT5094 from Solid State Devices, Inc
The SFT5094 is a 500 V PNP transistor manufactured by Solid State Devices, Inc. This transistor was assessed for TID sensitivity using a 1.1 MeV gamma ray source. A total of twelve transistors were characterized in two test groups. Five devices were tested at an average dose rate of 10 rad (Si)/s and five were tested at a lower average dose rate of 0.06 rad (Si)/s, with two held in reserve as controls. The devices were irradiated incrementally up to 100 krad (Si). Parametric and functional degradation were measured following each dose step. Transistor performance was assessed to determine device functionality using the following parameters: In the lower dose rate test, DC Current Gain h FE1 fell below the required minimum specification value of 20 following the 100 krad (Si) dose step with an average value of 7.23. For both the higher and lower dose rate tests, the DC Current Gain h FE2 value fell below the minimum specification value of 40 during testing. Fig. 1 and Fig. 2 present the DC Current Gain results as a function of total accumulated dose: In the above figures, the error bars represent the standard deviation of values across measured devices, indicating part-to-part variability. The results demonstrate enhanced degradation for current gain for both conditions at the lower tested dose rate. This low dose rate (LDR) sensitivity has been previously observed for several discrete bipolar junction transistors [5] . For the SFT5094 test, the hFE1 low dose rate enhancement factor (LDR EF)-the ratio of Δh FE -1 at lower dose rate to that at the higher dose rate-was calculated and found to be 3.19 at 100 krad (Si). This enhancement factor is among the higher documented values of LDR EF for the transistor gain of discrete bipolar junction transistors [5], [6] . The behavior of the DC current gain 2 (h FE2) here is atypical; following the 100 krad (Si) dose step, the gain value fell to 0. With the exception of the low-dose rate h FE2 value, a slight increase in performance was observed for h FE1 and h FE2 values following a 167-hr annealing period at both higher and lower dose rates.
B. Ultra ELDRS for 2N2222
The ongoing test results for low dose rate sensitivity are coming to a stopping point in the near future. The results shown in Fig 3 show the 1/Δhfe over dose. While there is some low dose rate sensitive of the part, the lowest dose rate show a worse response at 1 mrad(Si) per second. This supports the idea that the TO package of this transistor does not have a pronounced effect at very low dose rate testing. The ground based measurements at higher dose rates are representative of the device response with caution as to proper margins. 
C. 2N5434 from Siliconix
The 2N5434 JFET is used on multiple programs and the testing was required for a new flight light to meet shortages of previously tested lots. This particular lot from the manufacturer performed well showing degradation, but remaining in specification through 75 krad. 
D. MAX9180 from MAXIM
The LVDS repeater from MAXIM was tested to 30krad, one device dropped out at 20krad. No parametric degradation was recorded on the parts that survived. Careful considerations were taken into account for different clocking speeds in the part's application for clean signal outputs. We have presented data from recent TID tests on a variety of primarily commercial devices. It is the authors' recommendation that this data be used with caution due to many application/lot-specific issues. We also highly recommend that lot testing be performed on any suspect or commercial device.
V. ACKNOWLEDGMENT
The Authors acknowledge the sponsors of this effort: NASA Electronic Parts and Packaging Program (NEPP), and NASA Flight Projects. The authors thank members of the Radiation Effects and Analysis Group (REAG) who
